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free host. Only when Li+ or Na+ were present did additional 
signals appear at 8 2.508, 3.049, and 7.355 (Li+ complex, 7), 
and at 2.485, 2.974, and 7.320 (Na+ complex, 11). The peak 
intensities of complexed and uncomplexed 1 indicated that, 
within experimental error, all guest present was complexed. 

When violently shaken (quartz tubes) with 1 mL of 0.0028 
M solutions of 1 in CDCl3 at 30 0C, a 6 M solution (1 mL) of 
LiBr converted 1 into 8 in ~8 h and a 6 M solution (1 mL) of 
NaBr converted 1 into 10 in <1 h (1H NMR). A similar ex­
traction with 1 mL of 0.0028 M solution of 1 in CDCl3 of 1 mL 
of water that was 0.1 M in both NaCl and LiCl gave, after 284 
h, 0% 1, 89% 8, and 11% 6 (1H NMR). Thus 1 in CDCl3 ex­
tracts NaCl from water ca. eight times as fast as LiCl. Ex­
traction experiments with separate NaCl and LiCl solutions 
provided the same rate factor. Similar extractions with 1 in 
CDCl3 of 1.5 mL of aqueous solutions of 4.5 M KBr, 2 mL of 
3 M MgBr2, 1 mL of 6 M CaBr2, and 2 mL of 3 M SrBr2 for 
from 24 to 180 h gave no evidence of any ions being complexed 
except for traces OfNa+ and sometimes Li+. In all cases, the 
trace amounts were slowly scavenged from the bulk amounts 
of the other ions (1H NMR and mass spectra). 

These experiments provide the following conclusions. (1) 
A powerful ligand system of Dj(j symmetry has been composed 
solely of p-methylanisole units, which when taken singly are 
poor ligands for metal ions.15 (2) This spherand strongly 
complexes Li+ and Na+, since these ions can fill the enforced 
cavity and thus eliminate the electron-electron repulsions 
designed into the free ligand system. (3) Complexation rates 
of these ions in CDCl3 at 30 0C are on the human time scale, 
but the decomplexation rate OfNa+ and Li+ at 30 0C must be 
extremely slow. (4) Spherand 1 in CDCl3 extracts NaBr from 
water eight times fater than LiBr, the scavenges from con­
centrated solutions of KBr, MgBr2, CaBr2, and SrBr2 trace 
amounts of Na+ and Li+ without complexing the bulk ions. 
(5) Since Li+ and Mg2+ on the one hand, and Na+ and Ca2+ 

on the other, possess similar diameters, the high selectivity 
seems associated with both diameter and charge. Probably the 
selection OfLi+ and Na+ over Mg2+ and Ca2+ is kinetic. The 
selection of Li+ and Na+ over that of the larger ions may either 
be kinetic or thermodynamic or both. 

Molecular model examinations of 1 and of spheres of di­
ameter 1.5-1.9 A (e.g., Li+ and Na+) indicate that, to complex 
or decomplex, the cations must pass through a lipophilic sleeve 
composed of three CH3-O groups. At the halfway point, the 
cations can have only one to two ligands external to the 
spherand and none in the spherand. This structural feature 
explains why complexation-decomplexation activation ener­
gies for these spherand-metallospherium salts are so high, 
particularly for the divalent ions. 

We are designing, synthesizing, and studying the differential 
binding properties of spherands and hemispherands16 com­
posed of methoxycyclohexane, cyclic urea, pyridine oxide, 
cyclic ketone, and lactam units whose geometries resemble 
portions of 1. Both atoms and ions as guests are being 
studied. 
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An Unusually Long Cobalt-Carbon Bond. 
Molecular Structure of frans-Bis(dimethylglyoximato)-
(isopropylKpyndine)cobalt(III). Implications with 
Regard to the Conformational Trigger Mechanism 
of Cobalt-Carbon Bond Cleavage in Coenzyme Bj2 

Sir: 

Homolytic cleavage of the Co-C bond is generally accepted 
as a key step in the mechanism of action of many enzymes 
which require a B]2 coenzyme.1"3 The factors which promote 
this cleavage are not yet understood.'3 Recent work with di-
oldehydrase by Abeles and his co-workers' has demonstrated 
that modification of the side chains on the periphery of the 
corrin ring leads to considerable variation in coenzyme activity. 
Since the changes in the side chains were not such as to alter 
significantly the electronic properties of the corrin ring system, 
it is unlikely that the variation in activity resulted from in­
ductive effects. Variations in the ease of formation of cob(I I)-
alamin correlated, to some degree, with alterations in activity.' 
A reasonable hypothesis advanced to explain these and other 
results is that specific tight interactions between the enzyme 
and coenzyme bring about distortion of the corrin ring system, 
thus facilitating cleavage of the Co-C bond. Comparisons 
between the stability of model organocobalt compounds and 
organocobalamins has led Halpern3 to suggest that steric ef­
fects of the corrin ring may be important in promoting deal-
kylation.16 
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Communications to the Editor 

Figure 1. 

The title complex, prepared by standard procedures,2-3 

crystallizes from acetone-water in the monoclinic space group 
P2\jc with a = 8.314 (3), b = 28.930 (7), c = 9.019 (3) A; /3 
= 117.52 (3)° (Mo Ka); and Z = 4 formula units 
C0O4N5C16H26; observed and calculated densities are 1.41 
and 1.42 g cm -3, respectively. Three-dimensional X-ray dif­
fraction data were collected on an automated SIEMENS-AED 
diffractometer using the Mo Ka radiation and the 6-26 scan 
technique. The structure was solved by Patterson and Fourier 
methods and refined by the least-squares method with aniso­
tropic temperature factors for nonhydrogen atoms to a present 
conventional R value of 0.033 including hydrogen atom con­
tributions. A total of 3214 independent reflections, having 0max 
< 28° and / > Ia[I) was used in the final calculations. No 
absorption correction was applied (0.15 < /J.R < 0.25). 

The crystals consist of discrete (Py)Co(DH)2(Z-C3H7) units 
(Figure 1). The essentially planar (±0.005 A) axial py ligand 
is nearly perpendicular (86.5°) to the equatorial (DH)2 
coordination plane and bisects the angles N(I )-Co-N(4) and 
N(2)-Co-N(3). 

The geometry of the (py)Co(/-C3H7) fragment is charac­
terized by exceptionally long Co-C and Co-N bond lengths 
which are 2.085 (3) and 2.099 (2) A, respectively, with a 
C-Co-N angle of 175.4 (1)°. Thus C(9) and N(5) are pushed 
away from N(3) and N(4), whereas the C(IO) and C(Il) 
atoms are above this side of the equatorial ligands, nearly along 
the Co-N(3) and Co-N(4) directions, Furthermore, the C-Me 
bond lengths are both 1.507 (4) A with a Me-C-Me angle of 
I 12.3 (3)°, whereas the Co-C-Me bond angles are 114.3 (2) 
and 114.0 (2)°. A comparison with the corresponding bond 
lengths and angles in propane4 and isobutane5 reveals a sig­
nificant decrease (0.02 to 0.03 A) of the C-Me bond length 
which parallels a flattening of the tetrahedron around the 
central carbon atom in the plane of Co and Me groups, as 
shown by the sum (340.6°) of the angles around C(9) and in­
volving these substituents. These parameters suggest that 
hybridization of C(9) is modified upon coordination. 

In contrast to such distortions, the Co(DH)2 unit appears 
to be relatively unaffected by sterjc strain with normal bond 
lengths and angles6 and the molecular parameters found here 
are roughly similar to those for (Py)Co(DH)2CH3.

6 The plane 
of the N(I), N(2), C(I), and C(4) atoms (coplanar within 
±0.003 A) is parallel to the plane of the N donors (coplanar 
within ±0.002 A), their angle being 0.2°. The plane of the 
N(3), N(4), C(5), and C(8) atoms makes angles of 4.3 and 
4.2°, respectively, with the above planes, bending toward the 
/-C3H7 group. The Co atom is displaced 0.022 A from the 
N-donor plane toward the py ligand. 

The above distortions found in the Co(DH)2 unit are very 
small if compared with those found in R3PCo(DH)2X (R = 
C-C6H1I, C6Hs, C4H9; X = Cl, CH3), where the interplanar 
angle between the two DH units ranges from 6 to 16° and the 
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displacement of cobalt above the N-donor atoms, from 0.04 
to 0.11 A.7 The distortions caused by very large bulky ligands 
result from steric interactions of these ligands with the pe­
ripheral methyl groups. For more bulky alkyl ligands, the 
metal-to-donor atom bond apparently lengthens without in­
ducing steric distortions in the equatorial ligand system. 

The long Co-C bond is the most interesting aspect of this 
structure. For pyCo(DH)2R, there is a clear linear relationship 
between the Co-C bond length and the number of substituents 
on the methyl group (Figure 2). Although a good linear rela­
tionship (correlation coefficient = 0.9998) of this type has not 
been noted previously, examination of literature data reveals 
that the trend is general, if one allows for differences in the 
trans ligand8'12 (see ref 13 for a summary). In particular, the 
Co-C bond length in adenosyl B]2 is 2.05 A,12 consistent with 
the value expected for a monosubstituted methyl group, al­
though it must be borne in mind that a corrin ring is present 
in Bp. The Co-N bond lengths in the py complexes follow the 
order CH2CO2CH3 < CH3 < /-C3H7 (2.040 (3), 2.068 (3), 
and 2.099 (2) A, respectively), and undoubtedly this trend 
reflects both steric and inductive effects.13 

In Figure 3, we compare the 13C NMR shift of coordinated 
P(OC H3)3 as a function of a* of various alkyl substituents14 

in P(OCH3)3Co(DH)2R. We have shown that this NMR 
parameter is a good measure of the inductive effect of the li­
gand trans to P(OCH3)3.15 Of the alkyl ligands examined, 
ethyl has the maximum inductive effect. Bulkier ligands, even 
those with more negative a* values, have, at besf, inductive 
effects comparable with that of ethyl. This finding almost 
certainly reflects long Co-C bonds, as we have shown for /-
CaH7, and appears to be general. From molecular models, it 
is clear that the adenosyl moiety will also be subject to such 
effects, in keeping with the suggested steric trigger mecha­
nism13 of Co-C bond cleavage in coenzyme Bi2 reactions. 

It is conceivable that in the enzyme-coenzyme complex a 
distortion of the corrin ring could be induced partly or wholly 
by displacement of the axial benzimidazole ligand toward a 
shorter Co-N bond. We are presently engaged in attempts to 



6756 Journal of the American Chemical Society j 101:22 / October 24, 1979 

3 £ . I U 

52.15 

52.20 

52.2SJ 

52.30 

£ 52.35' 
CL. 

52.40-

52.45' 

52.50 

52.55' 

S2.60' 

X 

x 

K 

K 

X 

« « 

M 
K 

X 

X 

-0.30 -0.20 -0.10 -0.00 
TAFT CONSTANT 

0.10 

Figure 3. Carbon-13 shift of coordinated trimethyl phosphite in 
(CH1O)3PCo(DH)1R. Points from left to right are CH2Si(CH3J3. 3-
CsH i ,,C-C5H9, /-C3H7,C-C6H, i, /-C4H9, C2H5, CH3, (CH2)JC6H5, and 
(CH2J3CN. 

synthesize, crystallize, and structurally characterize complexes 
of the type LCo(DH)2(/-C3H7), in which L is a very bulky Ii-
gand. If such ligands distort the Co(DH)2 moiety, the Co-C 
bond length in such compounds could be even longer than that 
found here. 
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A Stereocontrolled Approach to Acyclic Systems. 
Stereorelay in Charge-Directed Alkylations 
via Organopalladium Templates 

Sir: 

One of the most exciting challenges in synthetic methodol­
ogy is control of stereochemistry in conformationally nonrigid 
systems. We report herein a new approach based upon the 
utilization of a transition metal complex as a temporary tem­
plate to relay stereochemical information in a normally con­
formationally nonrigid system.1 This concept has been ex­
amined within the context of the synthesis of an acyclic unit 
1 that constitutes the side chain for a-tocopherol (2) or vitamin 
K (3).2a_d During the course of this investigation, an approach 

for defining the relative stereochemistry of such remote centers 
as in 1 emerged.3 

In this approach, ring stereochemistry is relayed along a 7r 
system by a palladium complex4 as shown in eq 1. For such an 

(U 

approach to be successful, (1) ionization of the vinyl lactone 
4 must occur from one conformation, (2) the intermediate 
7r-allylpalladium complex 5 must retain its stereochemistry, 
and (3) the nucleophile must attack regioselectively at the 
carbon of the allyl system distal to the carboxylate (i.e., site 
"a" in 5). 

To check the ability of the charge to direct the approach of 
the nucleophile, the lactone 6a5,6 was reacted with methyl 
sodiomalonate and 3 mol % tetrakis(triphenylphosphine)pal-
ladium in refluxing THF to give after initial workup a >90% 
yield of product shown to be 7a6 (S 5.52 (ddd, 7=15,7 ,7 Hz), 
1 H, 5.43 (dd, J = 15, 8 Hz, 1 H), 1.05 (d, J = 7 Hz, 3 H), 
decoupling at 2.34 collapses signal at 5.52 (br d, J = 15 Hz)) 
with >98% regiospecificity. The exclusive formation of the E 
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